INTRODUCTION
Cyclosporin A (CsA), which is widely used as an immunosuppressive drug, also has biological effects on non-lymphoid cells including endothelial cells, kidney epithelial cells and keratinocytes [1] [2] [3] . Moreover, CsA has been reported to be effective in the treatment of severe psoriasis, a skin disease characterized by hyperproliferation and a defective differentiation of keratinocytes [4, 5] . The antiproliferative effect of CsA on keratinocytes has been shown in vivo and in vitro [3, 6, 7] and might be relevant in part to its therapeutic effectiveness in psoriasis. Among the biological effects of CsA, the mechanisms leading to immunosuppression have been studied extensively. CsA inhibits T-cell activation and/or differentiation by preventing the activation of transcription factors (i.e. NF-AT) involved in interleukin-2 gene expression [8] [9] [10] . This effect appears to be mediated by CsA binding to a cytosolic receptor, termed cyclophilin [11] . It was reported that the cyclophilin-CsA complex could bind to calcineurin, a calcium-and calmodulin-dependent phosphatase, and inhibit its activity, thus implicating this phosphatase in events suppressed by CsA [12] [13] [14] .
Cyclophilin A was isolated from the protein extract of calf thymus [15] and was subsequently shown to be an abundant, ubiquitous and highly conserved protein [16] . Two 17.8 kDa isoforms of cyclophilin A, a major one with a pl ranging between 8.1 and 8.6 and a minor one with a pl of 6.3-7.4, have been characterized in cytosol extracts from normal and neoplastic tissues [16] . Studies using both biochemical and molecular approaches have clearly shown the presence of several lowabundance CsA-binding proteins in human tissues and cells, including cytosolic, membrane-associated and secreted forms [17] [18] [19] [20] [21] [22] . These cyclophilin isoforms (cyclophilin B [17] , cyclophilin C [21] , cyclophilin 3 [20] and cyclophilin 40 [22] 7 .75 were detected by isoelectrofocusing autoradioblotting-assay in normal human skin; three of them immunoreacted with antibodies to cyclophilin. These results demonstrated the presence of several cyclophilin isoforms in human epidermal cells and an expression which correlated with the differentiation of human keratinocytes both in vivo and in vitro.
of tissues and cell types and are not specific for T-cells [16] [17] [18] [19] [20] [21] [22] . All cyclophilin isoforms described to date possess a peptidylprolyl cis-trans-isomerase activity (PPIase) involved in folding or trafficking of several proteins [1 7,20-24] . Although the PPIase activity of cyclophilin is blocked by CsA, its inhibition does not seem to be sufficient for mediating the biological effects of CsA [25] [26] [27] .
In order to study how CsA may act in human epidermal cells, we performed cyclophilin analysis with a modified PAGE radiobinding technique [28] and an isoelectrofocusing (IEF) radiobinding-assay on various stages of keratinocyte maturation. Thus CsA-binding proteins were studied in completely differentiating epidermis (normal human skin), in epidermis displaying an incomplete differentiation (psoriatic plaque), and in cultured human keratinocytes (differentiating and non-differentiated). We demonstrate the presence of several 17 kDa cyclophilin isoforms whose expression was significantly altered during keratinocyte differentiation. These results suggest that multiple cyclophilin isoforms might play a specific role in keratinocyte differentiation. * To whom correspondence should be addressed. previously described [29] . Six adult patients with psoriasis vulgaris disease (three males and three females; between 16 and 56 years old, mean age 38+5 years) not undergoing any treatment, gave their informed consent for keratome skin sampling. Keratome biopsies were obtained from involved stable plaques (referred to as lesional skin) located on buttocks (three cases) or thigh (three cases) with keratome set at 280 ,um [29] . Normal and psoriatic specimens were quickly frozen in liquid nitrogen and stored at -80°C until use.
MATERIALS AND METHODS Materials

Culture of human keratinocytes
Human keratinocytes derived from epidermal sheet of newborn foreskin [30] were cultured in the presence of irradiated 3T3 cells according to a previously described method [31, 32] . Keratinocytes were grown first at normal Ca2+ concentration (1.3 mM) until confluency and stratification, and then with low Ca2+ medium (0.03 mM) during 2 or 3 days [33] . In low Ca2+ medium, the differentiating cells were sloughed off in the medium while the non-differentiated cells remained attached to the culture dish.
These cell populations, constituted 95 % by keratinocytes, were separated from the culture as described previously [33] . The ability of cells to form cross-linked envelopes, the content of cellular retinoic acid binding-protein type II and the enzymic activity that transforms retinol to retinoic acid were taken as markers of cell differentiation. These markers were strongly expressed in the detached keratinocytes [33] [34] [35] Figure 1 . Similar Centricon-3 microconcentrators with a 3 kDa cut-off (Amicon). In order to demonstrate that the peak eluted at fraction 22 ( Figure 1 (Figure 1 ). These high-molecular-mass bands seem therefore to correspond to non-specific immunoreactivity or to aggregation of denaturated cyclophilin protein. The measurement by Sephadex G75 of cyclophilin amounts in normal human skin (n = 4), in lesional psoriatic skin (n = 5) as well as in human cultured non-differentiated (n = 3) and differentiating keratinocytes (n = 3) did not show any significant differences in CsA-binding activities (mean 55.23 + 8.43 pmol/mg protein). Griffiths et al. [37] found similar results for normal human skin and psoriatic plaques with chromatography on a Sephadex LH-20 column.
Proteins were subjected to SDS/PAGE (12%) and then blotted onto nitrocellulose sheets. Cyclophilin isoforms were immunoreacted with rabbit cyclophilin A antiserum. Bound antibodies were visualized using horseradish peroxidase-labelled second step antibodies. Lane 1, concentrated fractions (20) (21) (22) (23) (24) (25) elution profiles were obtained with protein extracts from lesional psoriatic skin and from differentiating and non-differentiated cultured human keratinocytes (data not shown). Two radioactive peaks were detected in fractions 22 and 28. The first peak (fraction 22) was specific since a 100-fold molar excess of unlabelled CsA abolished it totally (Figure 1) (Figure 3 ). Based on their total concentration, the first peak at RF 0.13 (band 7) was termed 'major form', and the second peak at RF 0.23 (band 12) 'minor form'. The occurrence of two peaks seems to be unrelated to protein degradation since similar results were obtained with supernatants containing a cocktail of proteinase inhibitors (data not shown). In order to characterize these two radioactive peaks, supernatants of normal human skin extracts were first resolved by PAGE under non-denaturating conditions. Proteins migrating at RF 0.13 and 0.23 were separately extracted from the gel and analysed by SDS/PAGE immunoblotting. Both fractions showed an immunoreactive band at 17 kDa (data not shown), suggesting that major and minor forms correspond to members of the cyclophilin family.
The CsA-binding activities of the major and minor forms of tissue and cell extracts, as measured by PAGE, are presented in Table 1 . The major cyclophilin form was found both in vivo and -fl-() l Table 1 Cyclophilin Isoforms analysis in human normal skin, psoriatic plaques and human cultured dfflerentiating or non-differentiated keratinocytes n = Number of experiments from samples of four normal epidermis, six lesional psoriatic skin, three non-differentiated cultured keratinocytes and three differentiating cultured keratinocytes; *P < 0.01, **P < 0.02. belong to the major isoform because they were not detected in the minor form. The fact that the separation between the major and minor forms in PAGE was not entirely complete may explain the presence of identical isoform bands in both samples.
All radioactive bands detected in the major and the minor form were observed simultaneously when crude supernatant of normal human skin was studied by IEF-radiobinding assay (lane 3), ruling out the possibility that these bands are degradation products occurring during protein extraction from PAGE. Each radioactive band was almost abolished when IEF was performed with a 10-fold excess of unlabelled CsA, suggesting that these six radioactive bands specifically bind CsA (lane 4) .
To correlate binding properties with immunoreactivity, the proteins of whole extracts of human epidermis were immunoblotted after separation by IEF (Figure 4b, lane 1 (Figure 4a ), was detected at pl 5.78 (indicated by the arrowhead in Figure 4b ).
To determine if the presence of at least six CsA-binding proteins was specific to human epidermal cells we analysed cytosol extracts of normal human colon tissue. Analysis of this tissue by IEF-autoradioblotting showed the same pattern of radioactive bands as in normal human skin (data not shown), suggesting that these CsA-binding proteins were not restricted to human epidermal cells.
DISCUSSION
Cyclophilin isoforms have been found to occur in many different human tissues [17] [18] [19] [20] [21] [22] by techniques that are however not appropriate for microscale analysis such as that necessary for skin biopsy samples. In the present study, we demonstrated that cyclophilin isoforms can be measured in tissues and cell culture with a new analytical procedure involving PAGE-or IEFautoradioblotting techniques. The non-denaturating PAGE radiobinding-assay we developed for studies on retinoid-binding proteins [28] was modified to allow analysis of cyclophilins. We observed that cyclophilins migrate very slowly in PAGE, therefore, the concentration of the cross-linking agent N,N'-methylenebisacrylamide was decreased from 1.20 to 0.6 % in order to facilitate the migration of cyclophilins by decreasing their interaction with the gel matrix.
Although analysis by gel filtration of cyclophilin levels showed no significant differences in epidermal samples, with the PAGE technique we were able to separate two cyclophilin isoforms (major and minor peak). The minor peak was higher in fully differentiated epithelium (normal skin) as compared with in an incompletely differentiated epithelium such as psoriatic plaque. Moreover, a similar difference was also observed with human cultured keratinocytes, as shown by an increase of minor isoform after differentiation by calcium. These results strongly favour the hypothesis that the state of keratinocyte differentiation is an important factor determining the regulation of minor cyclophilin isoforms both in vivo and in vitro.
Using IEF-autoradioblotting and IEF-immunoblotting, at least six different CsA-binding proteins and four immunoreactive bands respectively were separated. Cyclophilin has been analysed previously by sucrose density-gradient IEF in various normal and neoplastic human tissues [16] . One major cyclophilin form (pl 8.1-8.6) and one minor form (pI 6.6-7.4) were constantly detected in all tissues. Human epidermal cells did not show cyclophilin species with pI values higher than 7.75, which could be explained by the various techniques used for detection. The detection of an immunoreactive form of cyclophilin not able to bind labelled CsA, suggests that this species might belong to the family of cyclophilin or cyclophilin-related proteins which might bind a ligand structurally different from CsA or which have lost their binding properties.
Whether the different isoforms we observed represent a posttranslational modification or are processed from distinct gene products remains to be established. Southern-blot analysis of mammalian genomic DNA revealed the presence of at least 20 related genes or pseudogenes [38, 39] . The two isoforms of cyclophilin A appear to be due to post-translational modification of a single precursor protein, while the previously described cyclophilin isoforms (cyclophilin B and cyclophilin C) could be the products of different genes [16, 20, 21] .
